Player efficiency is estimated by using Data Envelopment Analysis (DEA) and data of 401 players in NBA at 2006 in this study. Three approaches are generally used when measuring the efficiency of basketball players. In the first, which is frequently used in the literature, a variety of payments and fees are used as inputs. The second is used by basketball associations that correspond closely to the theoretical definition of efficiency because it tries to measure players' contribution to their team by using games statistics. The third which includes different type of approaches is used in the literature and takes into account games statistics like previous one. In this study, however, an alternative approach is used. It is different from the first method in that it measures the success of the players within the game, and it is also different of the second and third method because of the approach. According to results, there are differences between the ranking of the players obtained using the NBA system and the approach recommended in this study.
The current study aimed to focus on player efficiency. According to all parties interested in sports efficiency there are three different uses of the term of "player efficiency" that do not fully coincide, both of which capture "performance". The first is "technical efficiency"1, which is usually used in academic literature and calculated using DEA or SFA.
The second is used to measure performance or the value of players in basketball federations such as NBA. The third is used the other statistical methods and game's statistics. The term "efficiency" in this study is used to express the efficiency of the players like the second and third group because this efficiency term is based on the statistical figures of players and the team as a whole during the game. Additionally, although the term is based on player statistics, it does not have the weaknesses of the efficiency term used by second and third methods based on the absolute values. Accordingly, the efficiency values have been obtained in this study based on economic terminology and referring to statistics for scoring, rebounds, etc., as used in calculating the efficiency value used by the NBA. As is mentioned in some of the literature above, the definition of efficiency used by the NBA that indicates players' contribution to their teams in terms of scores, rebounds, steals, etc., seems to be inadequate. Some questions are appropriate at this point. Why is that definition inadequate? W ill two players wit h the same efficiency level be seen as having the same level of success? In other words, suppose that two players have the same efficiency levels but play for different teams, and one team has better performance statistics than the other team. In that case, will the two players with the same efficiency be accepted as equally successful? This perspective does not depend on relative evaluations and ignores the contribution of the entire team, whereas economics is analyzed using relative values rather 1 Any decision-making unit output/full efficient decision-making unit output. than absolute ones 2 . In other words, the efficiency scores calculated by the NBA to measure player performance are based on absolute values and are obtained by summing, subtracting, multiplying and dividing player statistics. However, a player's success is closely associated with the performance of his opponents and of his own team. Therefore, making calculations using absolute values exclusively may yield misleading results. Thus, there is a need for approaches that consider the effect of team success on the player while also calculating player efficiency. This will allow relative measurements to be consistent with standard economic analysis. Of course, the more successful the team is, the more successful the player is (ceteris paribus).
Based on all of these issues, this study makes pertinent recommendations and presents new ways to calculate player efficiency based on inputs and outputs that emerge during the game. As a result, this study presents information that can be used as an indicator in a more understandable, acceptable and clearer way. Additionally this study provides information that will enable the player (worker) to assess and learn his real value as a producer of a particular outcome, the boss/manager (employer) to learn the employee's real value, and the audience (the customer) to learn the real values of the players, who are the most important actors during the event (entertainment). Also, all inputs and outputs used in the analysis are acquired based on the interactive contributions of the players during the game, As far as we know, this study is unique in evaluating performance using these variables.
To that end, this study uses DEA. Even though SFA, a parametric method, is used in efficiency calculations, DEA is preferable in this study because it is based on a multipleoutput analysis. In this study, data sets will be introduced, the methodology will be explained and the results and inferences will be discussed. Then, we will analyze whether the efficiency levels calculated in this study or those provided by the NBA system better predict team success.
Methodology

Data Sets
Because this study is a bit different in terms of its data sets, it may be useful to explain why and how the inputs and outputs in this study are used. This will help us to explain the motivation and purpose of the study more clearly. Whereas the fees paid to players have been used as the input in previous studies, game statistics are used as the input in this study.
There are a few concerns to take into consideration in this context. First is ambiguous of players' revenue. The revenues received by players have become more uncertain because they do not declare their income from advertisements and non-sports activities even if their contract fees are known. For example, a team with a high potential for attracting advertising contracts may assure a player that he will receive high advertising revenue and correspondingly offer a lower contract figure. Therefore, the fees paid to players on a particular team may not be homogeneous. Another problem is that sometimes two different contracts are issued, one legal and the other illegal, so that the player will be able to pay less in taxes. Legal contracts may declare lower fees in the countries where tax control is weak and where people often avoid paying or dodge their taxes. Therefore, contracts in some countries do not reflect actual compensation. Moreover, contracts are usually signed for just two years or so. This is largely because players in the middle of their careers in terms of age may not have sufficient motivation to maintain their level of performance if each contract covers a long period. In its current form, the contract guarantees the player's actual income but may not provide enough motivation for sustained high performance to enable the player's potential future income, as negotiated in the subsequent contract, to be high.
In addition, a large contract may cause a trade-off similar to the labor-spare time relationship in the literature. Thus, the performance analyses that are carried out using the statistics for all players on a team are also important because they indicate the success of each player in the game and the level of his interaction with the rest of the team.
Considering all of these issues, this study suggests an alternative way of calculating player efficiency. Each player's scoring, rebounds, blocks, steals and assists were taken as the outputs. The score is the basic indicator of player and team performance. Blocking and stealing are the beginnings of the attempt to score. Assists are the last movements that occur before a team scores. Accordingly, each of these moves contributes to performance.
What is different about this study is the input: the sum of the assists, blocks, steals and rebounds of all of the team's players except for the player being analyzed. No player can score unless he is supported and assisted by his team through blocks, steals, assists and rebounds. The operative assumption is that the other players' attempts should also be taken into account in evaluating a particular player's performance.
As a result, four different alternatives were tested in this study. In the first one, the outputs were taken separately from the assists, rebounds, steals, blocks and scores for each player. The inputs, however, were the assists, rebounds, steals and blocks for all players on the team except for the player under analysis (DEA1). In the second alternative, because the values of all outputs except for scoring were lower, their sum was accepted as an output, while the outputs were defined. In this way, the outputs were taken separately as the sum of player scoring and other statistics (DEA2). In these two alternatives, each match was analyzed separately. In other words, all the matches in which each player played were taken as separate decision units (15548 units). In the third alternative, each player's seasonal average assists, rebounds, steals, blocks and scores were taken as output, while the seasonal average assists, rebounds, steals and blocks of the other players in the team were taken as inputs (DEA3). In the fourth alternative, the outputs and inputs are same with second alternative but they depend on seasonal average like DEA 3 (DEA 4). In the last two alternatives each player were taken as separate decision units (401 units). The average statistics are given in Table 1 3 . There are two reasons why we used player-based statistics in c analysis. Firstly we seek to determine what kind of distinctions we can arrive at using game statistics, and secondly, we wish to inspire debate about the different alternatives suggested in this study.
A total of 401 players are included in this study. The total number of games that these individuals have played is 15,548. Accordingly, 15,548 decision units exist for analysis using the first and second alternative methods. We thereby calculated the average efficiency scores for the players in each game.
Data Envelopment Analysis
In this study, players' efficiency levels were analyzed via the DEA method, which is commonly used in scientific research and performance measurement. DEA has also proven to be an ideal method for use in cases with several outputs. In this study, because there is more than one output, the DEA method is considered a suitable method of analysis. The foundational studies using the constant returns to scale (CRS) DEA method were performed by Charnes et al. (CCR) (1978 and 1981) . Banker et al. (1984) also used the variable returns to scale (VRS) DEA method for efficiency analysis. CCR used piece-wise linear hull production technology as proposed by Farrell in 1957. In this study, the analysis is conducted under the assumption of variable returns to scale because this technique yields more efficient and successful results. For instance, imperfect competition and financial difficulties prevent firms from working at an optimal scale, and CRS solutions can reflect technical and scale efficiency jointly. However, the use of VRS enables us to distinguish values for technical efficiency from those for scale efficiency values and measure pure efficiency. VRS includes the convexity constraint I1'γ=1, whereas CRS does not, and can be written as:
Where I1 is an Ix1 vector of ones, φ is a scalar and γ an Ix1 vector of the constants. i x and i q are the input and output column vectors of the i-th firm, assuming that there are K inputs and T outputs, respectively. Therefore, for I firms, X denotes the KxI input matrix and Q denotes the TxI output matrix. The technical efficiency scores of this approach are greater than or equal to those obtained using the CRS model because the VRS model provides a convex hull of intersecting planes that envelop the data points more tightly than the CRS conical hull does [Coelli (1996) , Coelli et al. (1998) , Yesilyurt (2008) ].
Results
Each player's performance in the games was taken as the output, whereas the team's performance was taken as the input. In this way, the efficiency analysis conducted under significant limitation and according to absolute values presented by the NBA and other organizations was rendered more functional. With the effect of the other players' performance on the player in question determined in this context, the players' performance was analyzed using relative values. In the 1st column of the Table 3 , there is the rank of the players where the efficiency score is based on NBA system and in the 2nd there is the efficiency scores is based on NBA system. In the 3rd and 4th column rank of the players and the players' efficiency scores are based on DEA1 respectively, in the 5th and 6th column, rank of the players and the players' efficiency scores are based on DEA2 respectively, in the 7th and 8th column rank of the players and the players' efficiency scores are based on DEA3 respectively, in the 9th and 10th column rank of the players and the players' efficiency scores are based on DEA4 respectively. 
Discussion and Conclusion
It is considered the correlations between the results to determine whether they are consistent. The Spearman rank correlation coefficients for the efficiency statistics obtained by the NBA and the efficiency scores obtained via DEA using the different alternatives are statistically significant (p<0.05). This significant coefficient indicates that all of the methods produce basically consistent results, although some individual differences may arise. It will be useful to determine which approach represents the success of players and the team better and to discover which methods better predict success. Accordingly, our aim is to compare the effects of team success on the efficiency scores calculated using each of the four alternatives to the NBA system. To this end, the number of baskets scored by the team in each game is used as the criterion for success. Our hypothesis is that if the players' performances (efficiency levels) are enhanced, the performance of the team will improve, as evidenced by a higher team score 5 . Our primary objective is to determine how the efficiency levels calculated using each method and NBA method will impact team success. To achieve this goal, the players who are played in each game were identified. First, sum of the individual player' efficiency score was computed to obtain the total efficiency score of the team. Then, the points by the team in a game are attributed to each player, and the sum of these individual player points was computed to obtain the total game scores of the team. Finally, the total 5 Two important points should be clarified. The main challenge here is to determine how the efficiency levels calculated to measure a player's performance will affect team performance. On one side there are a few teams and some success craterous which can be explained in different ways on the other side there are many players. Therefore, the units in each series are not equal. To compare them, it is necessary to make equal the number of units in each series. For this purpose (for the NBA system and each of the methods in this study), the performance indicators of all of the players on a team have been reduced to equal the number of teams, considering the teams in which they take place. In other words, a value had been obtained for each team by adding the players' performances. A value has been obtained from the player's performance for the team in this manner, and the scores of the team have been taken as the team success that will be used in comparison. One may question why the total score has been used as the criterion or why only the scores have been used. It is accepted that the best indicator of success is the score. For a team to achieve a higher score, the team must defend well, steal often, gain more rebounds and attack well. Additionally, when using more than one statistic, one may question why those statistics were used or why they were weighted differently. Therefore, the score is the most useful indicator in this pilot study. Other indicators may be utilized in the studies to follow.
efficiency score values and the sums of the game scores obtained from each team were put into two different series to observe the correlation. The alternative with the highest correlation will be considered better measurement -ceteris paribus.
The hypothesis is that if the aggregate NBA efficiency score of a team is high, that team will be more successful. So the relationship between NBA efficiency scores and the team game scores (accepted as one of the performance indicators) will be analyzed by taking into account this hypothesis. The same practice has been applied to the other four efficiency indicators calculated in this study. The results are in the Table 4 . The results indicate that all of the alternatives presented in this manuscript represent team success better than the NBA system does. We observe that the twoinput and five-input alternatives (DEA3 and DEA4), in which the season average was used, have higher correlations with team performance and also a higher representative force. The reason for this result may be that the efficiency scores obtained from the statistics based on each player's season average include the full-efficient decision units.
For each player, only one efficiency score is calculated for the entire season.
the offered method in the scientific community may yield useful results, and decisionmakers may use these results in making decisions.
The scores obtained using DEA appear to be significant for the some economic and managerial reasons.
• The first reason is economics. The definitions in the science of economics are basically based on relative rather than absolute values. However, the efficiency scores calculated by the NBA that indicate player performance are based on absolute values. In other words, they are calculated by adding, subtracting, multiplying and dividing the statistics for the player in question. Clearly, a player's success is also closely associated with the performance of his own team and with that of his opponents. Therefore, any calculation based on absolute values may yield misleading results. All of the variables were excluded from the scores calculated by the NBA except for the statistics that referred to the player himself. However, an activity that has as much of an effect on society and the economy as NBA basketball does should be analyzed in ways that will express the economic truth more meaningfully. The scores calculated in this study serve this purpose.
• The second reason is the scores calculated here better help to determine the real value of each player. Essentially, this study contributes valid and clear information about this product. The players themselves, who are the employees in this context, can also learn from this information. For example, they might be able to use this data to assess and learn their real value as producers. This data also allow team managers (the employers) and the fans (the customers) to learn the players' real value.
• There are differences between the ranking of the players obtained using the NBA system and the ranking obtained using the methods recommended here. As discussed earlier, there is a more significant relationship between team success and the efficiency scores obtained from the methods recommended here than there are between team success and the NBA efficiency scores. Such changes would serve to distribute resources more efficiently, reflecting an improvement in the accuracy of economic decision mechanisms in this context. It is also important to note that players in the top ranks according to their NBA efficiency scores may not be able to achieve the same success when they change teams because those scores do not adequately reflect the economic reality.
All in all, the new method presented in this paper offers a more useful means of evaluating the performance of NBA players as well as that of individuals in other basketball federations and different sports. This method may also make it possible to determine the real values of these players and to allocate financial resources more successfully. To that end, this approach can be used in transfer decisions or player contract negotiations. However, the existing statistics do not provide exact measurements of efficiency. To solve this problem, more specific player statistics should be obtained.
